INTRODUCTION
Venous thromboembolism (VTE) results from blood clot formation within veins starting from deep vein thrombosis (DVT) that may progress to potentially fatal pulmonary embolism (PE). It is a common complication in cancer patients. The risk of VTE was 4 to 7-fold increase in cancer patients as compared to patients without cancer 1 . Cancer was also the most common risk factor for VTE in Thai patients 2 . High incidence rates of VTE have been concerned in hospitalized cancer patients and significantly increased among those on chemotherapy [3] [4] [5] . Previous western studies reported VTE rates in hospitalized cancer patients ranging from 2 to 4% 3, 4, 6 . In Thai patients, the incidence of symptomatic Venous thromboembolism; Lymphoma; Thailand; Hospitalized patients
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.
This was comparable to those western studies. Cancer patients with VTE may have unfavorable consequences, such as high rates of recurrent VTE, bleeding from anticoagulants, prolonged hospitalization, delayed cancer treatment, increased health care costs, increased utilization of health care resources, decreased quality of life, and suffering from post-thrombotic syndrome and chronic thromboembolic pulmonary hypertension 8, 9 . Furthermore, those patients appear to have poor survival as cancer patients with VTE had higher a mortality rate than those without VTE 3 . The incidence of VTE varies according to primary sites of cancer 10 . Solid tumors of pancreas, stomach, ovarian, kidney, lung, and brain are strongly associated with higher rates in previous studies. However, many recent studies reported high frequencies of VTE in hematological malignancies which were similar to or even higher than that observed in those solid tumors 1, [11] [12] [13] . Lymphoma has been considered as a high-risk group of hematological malignancies for developing VTE 11, 14 . Several studies reported high incidence of 6.4% to 17.1% of VTE in lymphoma patients that were associated with poor prognosis [15] [16] [17] [18] . Pathogenesis of VTE in lymphoma can be explained by three factors: 1. endothelial cell activation due to overexpressed proteins of blood clotting formation on cancer cells; 2. venous stasis from tumor compression, immobilization, or high blood viscosity from leukocytosis, or erythrocytosis; and 3. treatment factors such as insertion of central venous catheter and chemotherapy leading to blood vessel injury 11 . These three important factors are compatible with Virchow's triad described as the causes of VTE 19 . VTE is a multifactorial disease. The risk of VTE increases with a higher number of individual risk factors. Some risk factors are specific to cancer disease and treatment while the others are well-known general risk factors for developing VTE. However, VTE is a preventable disease. Many recent practice guidelines suggested VTE prophylaxis with anticoagulant drugs in hospitalized cancer patients who are at risk for venous thrombotic complications [20] [21] [22] .
Although there are many studies focusing on VTE in lymphoma patients, studies on VTE complications in Thai lymphoma patients are scarce. Moreover, the incidence of VTE in Thai lymphoma patients, particularly in hospitalized patients, has not been well elucidated. Therefore, the aim of this study was to identify the incidence and risk factors for VTE in Thai hospitalized lymphoma patients who are at high risk enough to receive VTE prophylaxis.
MATERIALS AND METHODS
This observational study was conducted as retrospective and prospective cohort study concurrently. Newly diagnosed or relapsed lymphoma patients aged at least 18 years, and admitted for chemotherapy in the medical wards of King Chulalongkorn Memorial Hospital, a university-affiliated tertiary medical center, were included. In the retrospective cohort, lymphoma patients admitted during January 1, 2007 to December 31, 2011 were identified by the International Statistical Classification of Diseases and Related Health Problems, 10 th Revision Thai Modification (ICD-10-TM) codes. In the prospective cohort, lymphoma patients admitted during July 1, to December 31, 2012 were enrolled and gave written informed consent. All patients were followed up for 90 days after admission. This study was approved by the Institutional Review Board of the Faculty of Dentistry and Faculty of Pharmacy, Mahidol University, and the Faculty of Medicine, Chulalongkorn University.
Patients were excluded from the study if they had ongoing treatment with anticoagulants, VTE before entering the study, diagnosed VTE on the first date of admission, symptoms of VTE before admission and diagnosis of VTE was confirmed later, or refused to give written informed consent. Patient characteristics and risk factors were reviewed from medical records and documented in validated case record forms. In addition, patients in the prospective cohort were interviewed regarding their predisposing factors for VTE at wards and symptoms of VTE at day 90 or later by telephone.
Suspected DVT is a clinical symptom of unilateral calf swelling or pain with unknown cause. Suspected PE is either or combined clinical symptoms of unexplained dyspnea, pleuritic chest pain, or hemoptysis including sign of unexplained hypoxemia. Suspected DVT or PE was recorded if a treating physician planned further investigation or started treatment with anticoagulants.
The diagnosis of VTE was confirmed by a treating physician or radiological imaging studies that were Doppler ultrasonography, computed tomography, venography, or magnetic resonance imaging for diagnosis of DVT, and ventilation/perfusion lung scan, computed tomographic angiography, magnetic resonance imaging, or autopsy for diagnosis of PE.
The sample size in the retrospective cohort was determined from the proportion observed in the previous study of VTE in Japanese lymphoma patients 17 . A total sample of 433 patients was calculated at an alpha value of 0.05 with two-sided test, margin of error in estimating proportion of 0.3, and 20% drop out. The number of eligible lymphoma patients admitted during 6 consecutive months from July 1, to December 31, 2012 was the sample size in the prospective cohort. Patients who were followed for less than 83 days after admission, and who had unconfirmed VTE results were not included for analysis.
Demographic characteristics were presented by number of patients with percentage, mean ± standard deviation (SD), or median. Differences in continuous variables were compared by Student's t-test or Mann-Whitney U test. Risk factors for VTE were presented as relative risk (RR) with 95% confidence interval (CI) for categorical variables and p-values from Chi square test or Fisher's exact test. Statistic was tested at a two-sided alpha value of 0.05. The factors with p-values less than 0.05 from univariate analysis were selected for a multivariate analysis using a binary logistic regression model. A forward stepwise method was used for selecting the variables into the model. All data analyses were computed using SPSS version 16 (SPSS Inc., Chicago, Illinois, USA).
RESULTS
There were 513 eligible patients. Fortyfour patients were excluded because of loss to follow-up. A total of 469 patients were included in this study, of which 422 patients were in the retrospective cohort and 47 patients were in the prospective cohort. Baseline characteristics were shown in Table 1 . The mean age was 54 ± 15.6 years (range 18 -89 years). The median length of stay was 7 days (range 1 -182 days). Obese patients were not common in this study. The mean body mass index (BMI) was 21.9 ± 4.18 kg/m 2 . Acute infection (35%), anemia (34.7%), and best rest ≥ 3 days (23.9%) were the three most frequent problems during admission. The majority of patients were newly diagnosed lymphoma (81.9%). The remaining was relapses. There were Hodgkin's lymphoma (HL) and Non-Hodgkin's lymphoma (NHL) patients of 7.7% and 92.3%, respectively. The poor prognostic factors that were advanced disease (stage 3 -4, 70.1%) and presence of B symptoms at diagnosis (53.9%) were common. Doxorubicin-based regimen (65.7%) was the major chemotherapy in this study. Almost 80% of patients were prescribed granulocyte colony-stimulating factor (G-CSF) agents after completion of each cycle of chemotherapy. Nineteen patients had VTE events including 15 DVTs and 4 PEs, of which 9 events were asymptomatic. Two NHL patients in the retrospective cohort had unconfirmed VTE, and then were excluded for analysis. The incidence of VTE in the retrospective cohort was lower than that in the prospective cohort but the difference was not statistically significant (3.6%, 15/420 and 8.5%, 4/47, p=0.113). In the retrospective cohort, there were 388 NHL patients and 34 HL patients. VTE events occurred in 3.4% (13/386) of NHL compared with 5.9% (2/34) of HL patients (p=0.347). In the prospective cohort, all 4 VTEs were in NHL patients. Fifty-three patients (10.7%, 53/469) found death in this study, and most died from lymphoma disease. No patients died from VTE.
As shown in Table 2 , lower extremities including intra-abdomen and lower extremity (36.8%) were common sites of VTE. One patient (5.3%) had superior vena cava (SVC) thrombosis. Six DVTs (31.6%) including SVC thrombosis were attributed to tumor mass compression. Five patients (26.3%) had upper extremity thrombosis, and four of them had central venous catheter (CVC) placement. In addition, 3 out of 4 patients had CVC-related thrombosis.
Sites
Number (%) The median time for VTE events after admission was 12 days (range 3 -86 days). Out of 19 VTE patients, 9 patients (47.4%) had VTE before starting chemotherapy. The others developed VTE during the first three cycles of chemotherapy which accounted for 0.9% (4/431), 1% (4/386), and 0.6% (2/352), respectively ( Figure 1) .
According to univariate analysis, significant risk factors for VTE in lymphoma were shown in Table 3 . The independent factors were subsequently put in a multivariate analysis using a forward stepwise method. However, three risk factors from univariate analysis including presence of venous compression, not response to the treatment, and G-CSF use were not analyzed. Because the presence of venous compression was determined only in cases undergoing imaging studies for VTE and not in all patients, this could be a bias. A routine evaluation of response to chemotherapy was usually done after 4 th to 6 th cycle of chemotherapy, but VTE events in this study generally occurred before those cycles. Finally, approximately 50% of VTE patients had venous thrombosis before using G-CSF agents. Therefore, these 3 factors were considered as unreasonable predictors for VTE in this study. Upon a multivariate analysis, the risk factors significantly associated with VTE were monoparesis (grade 0 -3) and bedridden state with odds ratios of 15.54 (95% CI 2.59 -93.28, p=0.003) and 7.17 (95% CI 1.80 -28.53, p=0.005). Because one out of two patients with monoparesis had both upper extremities thrombosis despite weakness at the left lower extremity, monoparesis also was not the reasonable risk factor for predicting VTE and then was excluded from the logistic regression model. Consequently, only the bedridden state remained statistical significance with the adjusted odds ratio of 6.21 (95% CI 1.59 -24.31, p=0.009).
DISCUSSION
Lymphoma has been well-recognized as a high risk group of cancer for VTE. The incidence of VTE in lymphoma varied in several studies including Asian studies. Because of more complete data records by prospective gathering, lower number of lost follow-up patients, and increased awareness of VTE in group of treating physicians at wards, the incidence of VTE in the prospective cohort was higher than that in the retrospective cohort. As a result, the incidence of VTE from the prospective cohort is likely more valid and is the representative for this study. However, a larger prospective cohort is needed for confirmation. In this study, only inpatients were included. They generally had more aggressive disease and the majority of lymphoma patients in our center received chemotherapy as outpatients. The previous studies consisted of inpatients, outpatients, or both.
According to the prospective cohort study, the incidence of VTE in this study was comparable to western studies that reported high incidence of VTE in lymphoma patients ranging from 6.4% to 17.1% 15, 16, 18, 23 . As compared with other Asian studies, the reported number of VTE in lymphoma patients was similar. For example, a retrospective study of VTE in lymphoma patients at a medical school in the Northern Thailand showed the high prevalence of 9.3% during the year of 2007 and 2011 24 . In addition, a prospective study of VTE in Korean patients with newly diagnosed lymphoma demonstrated the incidence of 7.9% with the median follow-up of 21.8 months 25 . Another retrospective study of VTE in Japanese patients with newly diagnosed diffuse large B-cell lymphoma also reported the high incidence of 11% 17 .
A large meta-analysis of 29 cohort studies including 18,018 lymphoma patients showed the higher incidence of thrombosis in NHL as compared to HL patients 15 . In contrast, a large retrospective study in hospitalized cancer patients reported the similar prevalence of VTE between NHL and HL subgroup 3 . Noticeably, a retrospective study in Thailand also revealed a higher frequency of thromboembolic complications in HL than in NHL patients 24 . The relatively small number of HL patients in the study may produce the higher proportion of VTE in HL. Furthermore, HL is uncommon in Thai patients as compared with NHL. In this prospective study, only 2 out of 47 patients were HL, and none of them had VTE.
The common site of VTE in this study was the lower extremities that consistent with other studies 15, 17 . Venous compression either by an enlarged lymph node or a tumor mass may result in slow blood flow and subsequent blood clot formation 11, 13 . The incidence of VTE related to venous compression in this study was higher than that reported in Thai lymphoma patients at another medical school 24 . Because CVC is inserted at the neck, chest, groin, or upper arm, it is considered as a local risk factor for upper extremity thrombosis 14 . Previous studies reported high frequency of CVC-related thrombosis of 13.5% to 28.6% in hematological patients 26, 27 . However, recent practice guidelines do not recommend routine VTE prophylaxis for patients inserting catheters 22, 28 . Previous studies described the highest risk for VTE existing during initial chemotherapy in lymphoma patients [15] [16] [17] [18] . Indeed, approximately half of VTE patients in this study carried the risk before starting chemotherapy, and subsequently increased during the early courses of chemotherapy that was similar as observed in other studies 16, 17, 24 . Initial high tumor burden after receiving diagnosis caused high degree of generated thrombin formation after cell death during beginning chemotherapy could be explained for VTE occurrence in such period 11 . Moreover, hepatotoxicity from chemotherapy leading to decreased natural anticoagulant proteins, blood vessel injury due to high concentration of cytotoxic drugs also facilitate the blood clot formation during chemotherapy 12 . Bedridden state or immobilization resulting in inadequate blood circulation has been recognized as a well-known risk factor for VTE including in hematological patients 11, 13, 19 . Bedridden patients were the significant factor associated with VTE in this study. Previous studies also supported that immobilization was the most frequently encountered risk factor for VTE in hospitalized medical patients including cancers 6, 7 . In addition, several recent guidelines have recommended VTE prophylaxis in cancer patients who confine to bed or have reduced mobility 20, 21 . Because there are no specific studies evaluated the benefit-risk ratio of thromboprophylaxis in hospitalized medical cancer patients. Moreover, assessment for VTE and prophylaxis of VTE in these patients are not routinely practice in our center. This result then will help to select a group of patients who would receive benefit and decrease unnecessary risk of bleeding from thromboprophylaxis.
A limitation of this study was the restricted time for conducting the study which results in short duration for follow-up. Some patients might have VTE after the 90-day follow-up period. In addition, there was the small number of participants in the prospective cohort to compare with the retrospective cohort. Besides, this study was conducted in a single medical hospital that may not be representative for all Thai lymphoma patients. Consequently, a large prospective cohort study with longer duration for VTE follow-up in other sites is required for further confirmation.
CONCLUSION
The incidence of VTE in Thai hospitalized lymphoma patients admitted for chemotherapy is high, especially during the initial courses of treatment. VTE prophylaxis should be considered during the first three cycles of chemotherapy in bedridden lymphoma patients.
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